Abstract. Praziquantel (PZQ), the primary drug of choice in the treatment of schistosomiasis, is a highly lipophilic drug that possesses high permeability and low aqueous solubility and is, therefore, classified as a Class II drug according to the Biopharmaceutics Classification System (BCS). In this work, β-cyclodextrin (β-CD) and hydroxypropyl-β-cyclodextrin (HP-β-CD) were used in order to determine whether increasing the aqueous solubility of a drug by complexation with CDs, a BCS-Class II compound like PZQ could behave as BCS-Class I (highly soluble/highly permeable) drug. Phase solubility and the kneading and lyophilization techniques were used for inclusion complex preparation; solubility was determined by UV spectroscopy. The ability of the water soluble polymer polyvinylpyrolidone (PVP) to increase the complexation and solubilization efficiency of β-CD and HP-β-CD for PZQ was examined. Results showed significant improvement of PZQ solubility in the presence of both cyclodextrins but no additional effect in the presence of PVP. The solubility/dose ratios values of PZQ-cyclodextrin complexes calculated considering the low (150 mg) and the high dose (600 mg) of PZQ, used in practice, indicate that PZQ complexation with CDs may result in drug dosage forms that would behave as a BCS-Class I depending on the administered dose.
INTRODUCTION
The Biopharmaceutics Classification System (BCS) developed by Amidon et al. (1) in 1995 in conjunction to the relevant FDA guidance (2) permitted drug classification in one of four classes based on its aqueous solubility and intestinal permeability. Recently, Rinaki et al. (3) developed a quantitative version of BCS, termed QBCS, using the solubility/dose ratio as the key parameter for solubility classification since it is inextricably linked to the dynamic characteristics of the dissolution process (4) . The QBCS utilizes a solubility/dose ratio-permeability plane with scientifically physiologically based cutoff values for compound classification. Additionally, Gu et al. (5) provided conclusive evidence that the solubility/dose ratio is the key parameter for the enhancement of the extent of absorption by food for Class II drugs. Accordingly, if the solubility of a BCS-Class II drug can be enhanced to produce solubility/dose ratio values greater than unity, which is the reported cutoff value (3), the drug would behave as a BCS-Class I compound.
Praziquantel has been characterized as the primary drug of choice in the treatment of schistosomiasis and is recognized as an essential drug by WHO (6, 7) . It is a highly lipophilic drug that possesses low aqueous solubility and erratic absorption from the gastrointestinal (GI) tract. It is classified as a Class II drug according to BCS (8, 9) . Praziquantel also exhibits high first pass effect, and consequently, high doses are required for effective per os administration. Improvement of the solubility of praziquantel in aqueous media would result not only in improved GI absorption but also in the IV administration of the drug which is prohibited currently by its low aqueous solubility.
The ability of cyclodextrins (CDs) to form inclusion complexes with various molecules is widely used in pharmaceutical industry in order to increase aqueous solubility and bioavailability of lipophilic drugs (10) (11) (12) (13) (14) (15) (16) (17) . Toxicity studies have shown that when administered orally, cyclodextrins are practically nontoxic due to the lack of absorption from the gastrointestinal tract (11, 12) . However, due to toxicological considerations, natural β-cyclodextrin cannot be used in parenteral formulations (11, 12) . On the contrary, its hydrophilic derivative, hydroxypropyl-β-cyclodextrin, has been proven nontoxic and can be found in marketed parenteral formulations (11) (12) (13) . From the regulatory point of view, both β-and hydroxypropyl-β-cyclodextrin are described in the European and US Pharmacopoeias (Eur. Pharm., USP/NF) while the latter is also cited in the FDAs list of Inactive Pharmaceutical Ingredients. The aim and novelty of this study was to determine whether increasing the aqueous solubility of a drug by complexation with β-cyclodextrin and hydroxypropyl-β-cyclodextrin, a BCS-Class II compound like PZQ could behave as a BCS-Class I drug. Although complexation of PZQ with β-CD has been reported in the literature (18) (19) (20) , its contribution to the biopharmaceutical behavior of the drug has not been considered, while the interaction of PZQ with HP-β-CD is investigated for the first time. Moreover, solubility improvement of PZQ by HP-β-CD complexation would possibly enable intravenous administration of PZQ. Phase solubility and kneading and lyophilization techniques were used for inclusion complex (binary systems) preparation, while solubility was determined by UV spectroscopy. The effect of sample heating at 70°C for 1 h before phase solubility experiments was also studied, while the ability of the water soluble polymer polyvinylpyrolidone to increase the complexation efficiency of β-CD and HP-β-CD for PZQ was also examined.
MATERIALS AND METHODS

Apparatus
A Perkin Elmer Lambda 6 double-beam UV/VIS spectrometer (Illinois, USA) was used for spectrophotometric measurements. The operational conditions were: scan speed 100 nm/min, scan range 240-500 nm. Lyophilizator, Telstar, Model Kryodos-50, (Terrassa, Spain) was used for complex preparation in solid state. Thermostated shaking bath (Julabo SW-1, Julabo Labortechnik GmbH, Germany) with externally adapted thermostating unit (Edmund, Buhler, UK) was used for solubility experiments.
Reagents and Materials
All chemicals were of analytical purity grade. 2-Hydroxypropyl-β-cyclodextrin (HP-β-CD) of molar substitution 0.6 M r ¼ 1383 À Á was purchased from Sigma-Aldrich (St. Louis, MO). β-cyclodextrin (β-CD) M r ¼ 1135 À Á was purchased from Serva Electrophoresis GmbH (Heidelberg, Germany). Polyvinylpyrolidone (PVP) (KOLLIDON 30, BASF Aktiengesellschaft) and praziquantel (PZQ) M r ¼ 312:4 À Á were kindly donated by the local companies Roumpoulakis S.A. and Veterin S.A., respectively. Water purified with Labconco water pro ps system (Kansas City, MO, USA) was used in all procedures. Nylon syringe filters Titan® of 5 μm pore size and regenerated cellulose syringe filters Titan® of 0.45 μm pore size, were purchased from Scientific Resources Inc. (Eatontown, NJ, USA).
Procedures
Calibration Curves
Calibration curves for the spectrophotometric determination of PZQ were constructed using PZQ standard solutions, in a concentration range of 0.5-5.0×10
−4 M, prepared on one hand in phosphate buffer 0.1 M at pH 7.4, in the absence and presence of PVP 0.1% w/v and on the other hand in purified water. The absorbance of all solutions was measured at λ max =262 nm.
Solubility Studies-Phase Solubility Experiments
Determination of Equilibration Time. An excess amount of PZQ (40 mg) was added to 10 ml of 0.01 M cyclodextrin solution in 0.1 M phosphate buffer at pH 7.4, and the resulted suspensions were either equilibrated in a thermostated water bath at 25°C or heated at 70°C for 1 h and then equilibrated in a thermostated shaking bath at 25°C for up to 96 h. Aliquots were withdrawn at 0, 3, 6, 9, 12, 15, 24, 48, 72 , and 96 h, filtered through regenerated cellulose syringe filters (pore size 0.45 μm) and analyzed spectrophotometrically for PZQ concentration.
Phase Solubility Experiments. An excess amount of PZQ (40 mg) was added to solutions containing from 0 to 0.01 M cyclodextrin, prepared in 0.1 M phosphate buffer at pH 7.4. Samples were either placed in a thermostated shaking bath and equilibrated at 25°C for 24 h or heated in a water bath at 70°C for 1 h and then placed in the thermostated at 25°C shaking bath and equilibrated for 24 h. After equilibration, suspensions were filtered through regenerated cellulose syringe filters of 0.45 μm pore size, and PZQ concentration was determined spectrometrically. Stability constants (K) of drug-cyclodextrin complexes were calculated according to the method of Higuchi and Connors (21) , applying the following equation:
where slope is the slope of the corresponding phase-solubility diagrams, i.e., plots of measured PZQ solubility expressed as molar concentration versus cyclodextrin molar concentration, and S 0 is the drug solubility in the absence of cyclodextrin.
Effect of PVP on Solubilization and Complexation Ability of β-CD and HP-β-CD. An excess amount of PZQ (40 mg) was added to solutions containing 0.01 M of β-CD or HP-β-CD and PVP in the concentration range of 0-1% w/v, prepared in 0.1 M phosphate buffer at pH 7.4. Samples were either equilibrated in a thermostated water bath at 25°C for 24 h or heated at 70°C, under sonication, for 1 h prior to equilibration at 25°C for 24 h. After equilibration, suspensions were filtered through regenerated cellulose syringe filters of 0.45 μm pore size, and PZQ concentration was determined spectrometrically after appropriate dilution with 0.1 M phosphate buffer at pH 7.4. PVP concentration in the measured samples was not greater than 0.1% w/v.
Preparation of PZQ-CD Solid State Binary Systems
Kneading and Lyophilization Procedure. For the preparation of PZQ-CD binary systems in the solid state, a procedure developed previously in our laboratory (22) was used and appropriately modified for the needs of the present study. More specifically, a quantity of 0.080 g of PZQ was mixed in a mortar with the appropriate amount of cyclodextrin (at 1:1, 1:2, and 1:4 molar ratios). The above mixture was ground for 20 min until a homogeneous powder was obtained. Then, 1 mL of water was added, and the mixture was kneaded for 5 min. Again, 1 mL of water was added, and kneading was continued for another 5 min in order to obtain a homogeneous paste. The paste was transferred into a beaker with 50 ml of water at 40°C. The suspension was stirred for 20 min at 40°C. Then, it was filtered, first through nylon membrane syringe filters (5.0 μm pore size) and then through regenerated cellulose syringe filters (0.45 μm pore size). An appropriate amount of the filtrate was used for quantification of PZQ, and the remaining amount was lyophilized to obtain solid state PZQ-CD binary systems.
PZQ Measurement in Lyophilized Products. Determination of PZQ content in the lyophilized products was performed spectrometrically according to the following procedure: An accurately weighed amount of lyophilized product was transferred into a 5.0-ml volumetric flask, dissolved in a small amount of purified water, and diluted to volume with the same solvent. The absorbance of this solution against purified water was measured at 262 nm. Concentration of PZQ was determined using the respective calibration curve, and the % w/w content of the lyophilized product with respect to PZQ was calculated taking into account the weighted amount of the lyophilized product.
RESULTS
Calibration Curves
Analytical parameters of PZQ calibration curves constructed in 0.1 M phosphate buffer at pH 7.4 in the absence and presence of PVP 0.1% w/v and in purified water are given in Table I . Statistical evaluation of the results using Student's t test revealed no statistically significant differences between their slopes (P>0.05); therefore, calibration curves for the quantification of PZQ were constructed in phosphate buffer of pH 7.4. The statistically equal values of slope and the zero intercept of the calibration curves constructed in the absence and presence of PVP reflect the specificity of the applied analytical method and the absence of interferences from the used polymer. Limits of detection and quantification of PZQ were also determined and found equal to 6.5×10 −6 and 2.0×10 −5 M, respectively. The within-day %RSD of the method was less than 2% while the between day value was less than 5% in the entire range of concentrations used for the calibration curves.
Solubility Studies-Phase Solubility Experiments
Equilibration Time
Equilibration was reached within 12 h in the case of β-CD, while a 24-h period was needed for equilibration when HP-β-CD was used as complexing agent. Therefore, the 24-h time interval was decided to be the optimum equilibration time. In addition, the amount of PZQ added initially to the CDs solutions was proven adequate for the phase solubility experiments since in all cases, solid drug remained at the end of the experiment.
Equilibration time was also determined when samples were preheated at 70°C under sonication for 1 h prior to solubility experiments at 25°C. Preheating at 70°C under sonication for 1 h is a commonly used polymer activation procedure when water soluble polymers are used with cyclodextrins as solubility enhancement agents (11) (12) (13) . However, the exact mechanism of activation is not known. According to our results, heating at 70°C under sonication for 1 h prior to equilibration at 25°C not only accelerated but also increased PZQ-CD binary system formation as reflected on the measured PZQ solubility values. In addition, the concentration of PZQ in the formed PZQ-CD binary system remained unchanged for more than 72 h in the thermostated at 25°C shaking bath, excluding thus the possibility of the formation of supersaturated solutions due to the polymer activation procedure. Based on these results, in conjunction with those obtained from samples that were equilibrated at 25°C without preheating at 70°C for 1 h, the 24-h time interval was chosen as optimum equilibration time for all experiments in order to obtain comparable data. Again, the amount of PZQ added initially to the CDs solutions was assured to be adequate for the phase solubility experiments.
Cyclodextrin and Preheating Effect on PZQ Solubility
Results from phase solubility experiments are presented in Fig. 1 . The presence of β-CD and HP-β-CD was proven to increase the solubility of PZQ by a solubility enhancement factor, S CD /S 0 , of about 4.5, calculated as the ratio of PZQ solubility in 0.01 M CD solution (S CD ) versus drug solubility value in the absence of CD (S 0 =0.54×10 −3 M). These results are consistent with literature data (16-18) reporting a 4-5-fold increase in PZQ solubility in presence of β-CD. Preheating at 70°C for 1 h under sonication prior to equilibration resulted in further increase of drug solubility, and the calculated solubility enhancement factor was 5.5 and 6.0 for β-CD and HP-β-CD, respectively. Probably, the increase in aqueous solubility of pure PZQ caused by the elevated temperature during the preheating procedure resulted in enhancement of drug complexation with β-CD and HP-β-CD, since the dissolved amount of PZQ that was able to interact with β-CD and HP-β-CD to form soluble inclusion complexes was increased.
Phase solubility diagrams shown in Fig. 1 are all linear, and complexation constants of PZQ with β-CD and HP-β-CD can be calculated from slopes and intercepts of the Table II along with analytical parameters of the phase solubility diagrams and values of the solubility enhancement factor. PZQ complexation with β-CD was stronger than that with HP-β-CD as the calculated K values revealed (Table II) , while the calculated K value for PZQ-β-CD interaction was in good agreement with that previously reported (18) (19) (20) . It should be mentioned, however, that these previous studies deal only with the interaction of PZQ with either β-CD (19, 20) or α-, β-, and γ-CD (18) while the interaction of PZQ with HP-β-CD is investigated for the first time in the present work. Results given in Table II also revealed that complexation affinity of CDs for PZQ was enhanced when preheating procedure was applied. In addition, enhancement was more profound for PZQ-HP-β-CD interaction, as reflected on the respective complexation constant, K, values. These results support the assumption that application of the preheating procedure lead to the increase of PZQ solubility through the enhancement of its complexation with β-CD and HP-β-CD. Since all phase solubility plots were of A L type, and calculated slopes after linear regression analysis were found to be less than 1, it could be assumed, according to Higuchi and Connors (21) , that stoichiometry of the formed binary systems was 1:1. This assumption is supported by a recent study (19) where molecular modeling and NMR analysis demonstrated that PZQ forms 1:1 inclusion complexes with β-CD and that the isoquinoline ring system of PZQ is embedded in the cavity of β-CD.
Effect of PVP on β-CD and HP-β-CD Solubilization Ability
Water soluble polymers such as hydroxypropyl methylcellulose, polyvinylpyrolidone, carboxymethyl cellulose, etc., have been previously reported (11, 14, 15) to increase complexation of various drug molecules with cyclodextrins. Choice of PVP was based on literature data (23) where this polymer was referred to increase both solubility and dissolution rate of PZQ by complex forming between drug and polymer. Effect of polymer activation by heating at 70°C for 1 h, under sonication, was also examined. Results are shown in Fig. 2 . It is obvious that presence of PVP at concentrations of 0.1% and 1% w/v had no effect on the solubilization ability of both β-CD and HP-β-CD for PZQ, and only when the polymer was present at a concentration of 0.5% w/v, a slight but statistically not significant increase of β-CD and HP-β-CD solubilization ability was observed. In addition, in the absence of CDs, PVP had no effect on the aqueous solubility of PZQ (Fig. 2) irrespective of polymer activation by sample preheating. Furthermore, phase solubility experiments of PZQ with β-CD and HP-β-CD, performed in the presence of PVP 0.5% w/v and sample preheating (data not shown), resulted in linear plots and K estimates equal to 544±34 and 627±53 M −1 , for PZQ-β-CD and PZQ-HP-β-CD complexes, (Table II) . Accordingly, presence of PVP affected neither the solubilization ability nor the complexation affinity of both β-CD and HP-β-CD for PZQ. This behavior is rather surprising since "bulky" polymers, such as PVP and HPMC, which are able to form hydrogen bonds, are reported to create non-inclusion complexes with cyclodextrins by hydrogen bond formation between the CD molecule and OH groups (or other groups) on the polymers (11, 15) . Therefore, enhancement of solubilization and complexation abilities of CDs is observed since ternary complexes between drug/CD/polymer can be formed. On the other hand, it was recently reported that drug/ cyclodextrin complexes can self-associate through hydrogen bond formation to form water-soluble aggregates or micelles, which can further contribute to solubilize drugs through noninclusion complexation (24) . It could be assumed, therefore, that hydrogen bond formation between PZQ and CD molecules probably hinders any similar bond formation between PVP and CD molecules, inhibiting thus ternary PVP/drug/CD complex formation.
PZQ-CD Solid State Binary Systems Production
Effect of PZQ/CD Molar Ratio
The effect of molar ratio of PZQ/CD solid substances, used for the preparation of PZQ-CD binary systems, was studied. Results are shown in Fig. 3 . For β-CD, a molar ratio of 1:2 (PZQ/CD) gave the highest PZQ concentration in the produced binary systems, while for HP-β-CD, the optimum molar ratio (PZQ/CD) was found to be 1:4. The different behavior of β-CD and HP-β-CD, regarding the effect of PZQ/CD molar ratio on the solubility of the produced PZQ/ CD binary system, may be considered in parallel with the solubility order of the cyclodextrins employed [i.e., solubility of β-CD is much lower than that of HP-β-CD (10) (11) (12) (13) (14) (15) (16) (17) ] and the recent observation that hydrogen bond formation between drug/cyclodextrin complexes can further contribute to drug solubilization by cyclodextrins through non-inclusion complexation (24) . It should be also taken into account that the low solubility of β-CD is attributed to the strong interand intramolecular hydrogen bond formation between the secondary hydroxyl groups of the CD molecules, while no such bonding is observed in the case of HP-β-CD due to partial substitution of the secondary hydroxyl groups of the CD molecule with hydroxypropyl groups. Thus, one can speculate that the contribution of non-inclusion complexation in the solubilization ability of HP-β-CD is more evident compared to β-CD, resulting in the almost linear increase of the solubilization ability of the former when its contribution to drug/CD molar ratio is increased from 1:1 to 1:4.
Storage Stability of the PZQ-CD Solid State Binary Systems
Solid (lyophilized) PZQ-CD binary systems were produced using the optimum solid molar ratio (PZQ/CD) for each CD, i.e., 1:2 for β-CD and 1:4 for HP-β-CD, by lyophilization of the respective filtrates after the kneading procedure. Storage stability of the obtained solid products was studied over a time period of 1 month at room temperature in dark closed containers using UV spectrometry. No changes of the UV absorption spectra of PZQ were observed with respect either to the intensity or to the λ max value. Accordingly, solid binary systems were considered to be stable for the examined time period under the applied experimental conditions. Results from storage stability study are presented in Fig. 4 .
Effect of CD Complexation on the Solubility/Dose Ratio of PZQ
Use of cyclodextrins to improve solubility is mainly related to BCS Class II drugs (16) . These drugs are characterized by low aqueous solubility, where the solubility/ dose ratio value is the limiting step for their GI absorption. Thus, cyclodextrins are particularly applied for production of drug dosage forms with dimensionless solubility/dose ratio values ≥1. These drug dosage forms would behave as BCS Class I drugs having higher bioavailability, since drugs of this class are completely dissolved and completely absorbed from GI tract. Fig. 2 . Effect of PVP concentration on the solubility of PZQ, at 25°C after 24 h equilibration, in the presence of β-CD a, HP-β-CD b, and in the absence of CDs c (all samples were preheated at 70°C for 1 h under sonication) Fig. 3 . Effect of PZQ/β-CD and PZQ/HP-β-CD molar ratio of the solid substances used for the preparation of PZQ-CD binary systems on the concentration of PZQ in the produced binary system As mentioned above, praziquantel is recognized as an essential drug by WHO (6,7). It is a highly lipophilic (clogP= 3.36) and was recently characterized (25) as "highly permeable" (P app =4.4×10
−5 cm/s) drug. It also possesses low aqueous solubility (C S =0.4 mg/mL) (25, 26) and erratic absorption from the gastrointestinal tract. It is, therefore, classified as a BCS Class II drug (8, 9) . Regarding dosage forms, this drug is given per os as 150-and 600-mg tablets. Accordingly, dose-dependent biopharmaceutics classification may be observed. To this end, the effect of dose and PZQ complexation with β-CD and HP-β-CD on the calculated value of the solubility/dose ratio and the resulted biopharmaceutics classification of the drug were evaluated. Solubility/Dose Ratio Calculation. The dimensionless solubility/dose ratio (1/q) of PZQ was calculated using the following formula (3,4):
where M 0 is the dose in milligrams, V is the intestinal volume content in milliliters, and C S is the saturation solubility in milligrams per milliliter. Solubility values of PZQ in the absence and presence of β-CD and HP-β-CD were used for calculation of the dimensionless solubility/dose ratio (1/q), in relation to the dose (150 or 600 mg) and the volume of the intestinal content (250 or 500 ml). More specifically, PZQ solubility values in the presence of β-CD and HP-β-CD were obtained from kneading experiment. Furthermore, consideration of two different volume values is based on the common practice to administer oral drugs with a glass of water (250 mL), while the value of 500 mL was also used to account for volume variability. In addition, the volume of 500 mL was recently proposed as the optimum volume for in vitro dissolution studies in the draft of the revised guideline on the investigation of bioequivalence of the European Medicines Agency (EMEA) (27) that was released in July 2008.
Biopharmaceutics Classification of PZQ Binary Systems . Results for PZQ biopharmaceutics classification according to the abovementioned assumptions are shown in Fig. 5a and b. Actually, these plots correspond to BCS-Classes I and II drugs since, as mentioned above, according to its P app value, PZQ is characterized as highly permeable drug. Thus, β-CD/PZQ and HP-β-CD/PZQ molar ratio are used in the ordinate of Fig. 5a and b, respectively, in order to study the dose and cyclodextrin effect on the biopharmaceutics classification of this drug. In the absence of β-CD or HP-β-CD, PZQ behaves as a BCSClass II drug irrespectively of the dose considered. It should be noted, however, that consideration of the low dose (150 mg) value resulted to an obvious right shift of the respective solubility/dose ratio value, reflecting the importance of this parameter to the biopharmaceutics classification of drug substances.
In the presence of β-CD and HP-β-CD, the calculated solubility/dose ratio, 1/q, values are shifted to the right, i.e., to higher values, as cyclodextrin concentration increases and dose is decreased (Fig. 5a and b) . More specifically, when a low dose of 150 mg is considered, PZQ is classified as a BCSClass I drug for all β-CD/PZQ or HP-β-CD/PZQ molar ratios used. On the contrary, when a high dose of 600 mg is examined, PZQ behaves as BCS-Class II drug unless the high volume of 500 mL is considered. In other words, not only cyclodextrin but also dose-dependent biopharmaceutics classification of PZQ is observed.
DISCUSSION
The phase solubility technique (21) and a kneading and lyophilization procedure were used to prepare binary systems of PZQ with β-CD and HP-β-CD. Improved aqueous solubility was observed compared to the parent drug that would probably result to enhanced oral bioavailability. Application of the kneading and lyophilization procedure resulted in binary systems with higher PZQ content in comparison to those obtained after application of the phase solubility technique, for both CDs examined (Table III) , as reflected on the calculated solubility enhancement factor (S CD /S 0 ) values. More specifically, when the kneading and lyophilization procedure was applied, the calculated solubility enhancement factor (S CD /S 0 ), was twice greater than that calculated after application of the phase solubility technique. It should be mentioned, however, that application of the phase solubility technique was limited by the low solubility of β-CD; therefore, the drug/CD molar ratio was approximately Fig. 4 . A bar plot diagram showing the stability of the produced binary systems of PZQ with β-CD (filled bars) and HP-β-CD (gray bars) in solid state at room temperature using the kneading and lyophilization technique 1:1 for the highest CD concentration used (0.01 M). On the other hand, when the kneading technique was applied, the optimum drug/CD molar ratio was used, i.e., 1:2 and 1:4 for β-CD and HP-β-CD, respectively. Overall, the solubility enhancement factor values calculated for β-CD and HP-β-CD are not significantly different when the same method of binary system preparation is considered (Table III) . Therefore, taking into account the fact that the amount of HP-β-CD needed to produce the same PZQ solubility enhancement is twice as much of that needed from β-CD, due to the lower molecular weight of β-CD, and the limitations arising from the upper limit in size of conventional oral solid dosage forms (about 800 mg), it is concluded that β-CD should be preferred as solubilizing agent for PZQ when preparation of oral solid dosage forms is considered. On the other hand, the high value of the solubility enhancement factor calculated for HP-β-CD (Table III) in conjunction to its low toxicity (HP-β-CD is approved by FDA for intravenous administration) permit the assumption that PZQ-HP-β-CD binary systems produced by the kneading technique using 1:4 drug/CD molar ratio could be considered for intravenous administration. In addition, the lyophilized product prepared in the same molar ratio could be also considered for the same purpose. Furthermore, it should be mentioned that the complexation affinity of both CDs studied for PZQ, as reflected on the determined complexation constant, K, values (Table II) , is in the range reported to be accepted for pharmaceutical application (10, 17) . Finally, the observation that addition of PVP has no effect on the solubilization and complexation ability of CDs for PZQ should be correlated to the ability of the polymer to form hydrogen bonds with the PZQ-CD binary system. Recently, spectrophotometric and thermodynamic studies on the effect of PVP on the formation of naproxen-β-CD complex (28) have shown that PVP interacts with the drug-β-CD complex to form a ternary system in which PVP partially or totally coats the drug-β-CD complex, interacting with the CD and the drug through hydrogen bonds. However, the presence of different portions of PVP, in a range of 0-1% w/w, has not increased the ability of drug-CD complexation. This finding is in accordance to our results where neither the complexation nor the solubilization ability of CDs was found to be affected by the presence of PVP in the same concentration range.
Regarding the Biopharmaceutics Classification of PZQCDs binary systems, the methodology used in this work could be seen as a useful tool for testing whether or not complexation with a cyclodextrin would result in enhanced biopharmaceutics behavior of a poor water soluble drug such as PZQ. In addition, despite the static nature of BCS according to which a static physicochemical drug property such as the aqueous solubility is considered to characterize a dynamic process such as in vivo dissolution, the use of all available doses in conjunction with the two volume levels applied, permit a rough estimate of the dissolution behavior of the produced PZQ-CDs binary systems. a Solubility enhancement factor calculated as the ratio of the concentration of PZQ in the solution of PZQ-CD binary systems prior to lyophilization, S CD , to the aqueous solubility of the drug, S 0 b Derived from more than three measurements
